Objective: Although numerous risk factors for delirium in the ICU have been proposed, the strength of evidence supporting each risk factor remains unclear. This study systematically identifies risk factors for delirium in critically ill adults where current evidence is strongest. Data Sources: CINAHL, EMBASE, MEDLINE, the Cochrane Central Register for Controlled Trials, and the Cochrane Database of Systematic Reviews. Study Selection: Studies published from 2000 to February 2013 that evaluated critically ill adults, not undergoing cardiac surgery, for delirium, and used either multivariable analysis or randomization to evaluate variables as potential risk factors for delirium. Data Extraction: Data were abstracted in duplicate, and quality was scored using Scottish Intercollegiate Guidelines Network checklists (i.e., high, acceptable, and low). Using a best-evidence synthesis each variable was evaluated using 3 criteria: the number of studies investigating it, the quality of these studies, and whether the direction of association was consistent across the studies. Strengths of association were not summarized. Strength of evidence was defined as strong (consistent findings in ≥2 high quality studies), moderate (consistent findings in 1 high quality study and ≥1 acceptable quality studies), inconclusive (inconsistent findings or 1 high quality study or consistent findings in only acceptable quality/low quality studies) or no evidence available.
D elirium occurs frequently during critical illness and is associated with negative outcomes such as increased time on the ventilator, longer ICU and hospital length of stays, and greater cognitive impairment after ICU discharge (1) (2) (3) . The risk of delirium is dependent on a complex interplay between predisposing and precipitating risk factors (4) . With a current lack of treatment options, efforts should be made to prevent delirium (5) (6) (7) .
Over the past two decades, the number of publications on potential risk factors for delirium has increased dramatically (8, 9) . Among potentially modifiable risk factors, it remains poorly elucidated which factors are well-established or most important when designing prevention programs. Furthermore, it is poorly established which confounders should be incorporated in multivariable risk factor models. Failure to adequately adjust for confounding will limit strength of evidence that supports a variable from being a true delirium risk factor.
Taking into account these methodological concerns, we systematically reviewed the literature on potential risk factors for delirium in the ICU to identify those factors that currently have the strongest evidence to be characterized as delirium risk factor in critically ill adults.
METHODS

Study Identification
Five databases were searched (CINAHL, EMBASE, MED-LINE, the Cochrane Central Register for Controlled Trials, and the Cochrane Database of Systematic Reviews) for relevant articles or abstracts published from January 2001 through February 2013. With the guidance of an experienced medical librarian, we searched for eligible studies using separately formulated search strings for the domain (ICU patients), the determinants (risk factors), and the disease of interest (delirium). Subsequently, the results of these search strings were combined.
We reviewed personal files, reference lists of review articles, and reference lists of eligible studies for additional investigations. We chose 2001 as the initial search year since this was the year that the two ICU delirium screening instruments most frequently used in ICU practice (i.e., Confusion Assessment Method for the ICU [CAM-ICU] and the Intensive Care Delirium Screening Checklist [ICDSC]) were published (10) (11) (12) . Articles or abstracts published in a language other than English, French, Dutch, or German or in non-peer-reviewed literature were excluded. Abstracts where a poster of the research findings was not available were also excluded.
Both the study protocol (http://www.crd.york.ac.uk/ NIHR_PROSPERO/display_record.asp?ID=CRD42013004886) and the full-search strategy (http://www.crd.york.ac.uk/ PROSPEROFILES/4886_STRATEGY_20130517.pdf) were registered online prior to the start of the search.
Eligibility Criteria
We included cohort studies or controlled trials that evaluated adults (≥ 18 yr) admitted to an ICU, where at least one potential risk factor for the occurrence of delirium (i.e., delirium incidence, delirium prevalence, and/or the (daily) transition toward delirium) was considered, where the risk factor(s) was present before delirium was first detected, and where delirium was evaluated in all patients at least once daily using a validated instrument. Studies that exclusively evaluated patients undergoing cardiothoracic surgery or included patients experiencing acute alcohol withdrawal were excluded, given the difference(s) in the pathobiology of delirium between these populations and that of a general medical-surgical ICU population without these conditions. Studies that exclusively evaluated patients experiencing a cardiac arrest or an acute brain injury prior to the ICU admission were also excluded, given the challenge of identifying delirium in these populations. Cohort studies that failed to evaluate risk factors using a multivariable approach were excluded. Studies not reporting delirium occurrence (e.g., only reporting delirium duration, days spent delirious, or days spent with coma and delirium) were excluded, given that risk factors for these outcomes may be different.
Study Selection and Data Extraction
Initially, all abstracts and titles from the search were screened in duplicate to identify potentially relevant studies ( Fig. 1) . These studies were then rescreened in full-text form by two authors (I.J.Z., J.W.D.). Furthermore, the reference lists of all publications meeting the inclusion criteria and published practice guidelines as well as reviews were considered to identify additional relevant publications missed during the computerized search. All data were independently extracted by two authors (I.J.Z., J.W.D.) using a standardized, prepiloted, evidence-synthesis form. Variables that could not be verified in full-text review as having been measured before the onset of delirium were excluded. The corresponding author was contacted for all articles where data were found to be missing and asked to provide the missing data or to confirm that these data had not been collected. Authors were contacted to provide additional information for seven of the studies. All discrepancies were resolved through discussion with a third author (A.J.C.S.). 
Risk of Bias Assessment
Two authors (I.J.Z., J.W.D.) independently assessed the risk of bias for each included study by adapting the Scottish Intercollegiate Guidelines Network quality checklists for cohort studies and controlled trials so that those components relevant to the ICU setting were incorporated (13, 14) . For cohort studies, the quality checklist considered: the risk on selection bias, performance bias, attrition bias, detection bias, and the statistical analysis (supplemental data, Supplemental Digital Content 1, http://links.lww. com/CCM/B64). For controlled trials, the quality checklist considered: randomization strategy, treatment allocation concealment, blinding, randomization success, use of intention-to-treat analysis, and the completeness of the reported outcome data (supplemental data, Supplemental Digital Content 2, http:// links.lww.com/CCM/B65). One point was given for each checklist criterion met. When a criterion was not met, no point was given. When insufficient information about a particular criterion was provided, the item was scored as "cannot state" and no point was given. Only studies using either the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) criteria or a delirium screening tool previously validated against DSM-IV criteria for use in ICU patients were given points for the "reliable measurement of the outcome" criterion on each checklist. Any disagreement during the quality scoring process was resolved through discussion with a third author (A.J.C.S.).
The maximum attainable score was 7 points for cohort studies and 9 points for controlled trials. A priori, cohort studies were deemed high quality (HQ) when the score was 6-7 points, acceptable quality (AQ) when the score was 5, and low quality (LQ) when the score was less than or equal to 4 points. For controlled trials, these quality score definitions were more than or equal to 8 points, 5-7 points, and less than or equal to 4 points, respectively.
Data Synthesis
A priori, statistical pooling was considered for each potential delirium risk factor. After data extraction, all studies evaluating the same risk factor were reviewed to determine if differences existed between studies for one or more of the following methodological characteristics: study population, confounding variables included in the analysis, delirium assessment method, study quality, and risk factor definition. Given that methodological heterogeneity was found to substantial for virtually all of the potential risk factors considered, much of which, was not anticipated at the time the analysis plan was first developed and registered, we decided to perform a semiquantitative, best-evidence synthesis rather than a pooled statistical analysis. For the purposes of this synthesis, only variables where at least one study reported either a risk ratio (RR) or odds ratio (OR) above 1.5 or below 0.5 (regardless of statistical significance reported) or a statistically significant association (regardless of the OR/RR reported) were deemed to represent a true "association." We felt it was important not to depend solely on statistical significance as the sample size for many of the studies are small and the likelihood for statistical significance is highly dependent on the number other variables included in a multivariable model. A variable that was initially included in the initial stepwise selection procedure of the final multivariable model but was removed during this process was categorized in our best-evidence synthesis as having no association with delirium tested using multivariable analysis.
The ICU delirium risk factor literature meeting our study criteria was quantitatively evaluated using three criteria: 1) the number of studies evaluating a variable; 2) the scored quality of each study evaluating this variable, and 3) the consistency of the reported association between this variable and risk for delirium. For this latter criterion, association was deemed consistent if more than or equal to 75% of the studies evaluating the variable reported the same direction of association. In situations where definitions for the same risk factor varied little between studies, studies were combined together in the best-evidence synthesis. For example, the multiple organ failure (MOF) score or the sequential organ failure assessment (SOFA) score was each considered a valid and similar way to characterize organ failure. As outlined in Table 1 , the strength of the evidence of a variable as a risk factor for delirium, using multivariable analysis, was defined as 1) strong when the association was consistent in at least two HQ studies, 2) moderate when the association was consistent in one HQ study and at least one AQ study(s), and 3) inconclusive when the association was not consistent (regardless of study quality) or evaluated in one HQ study or was consistent but was evaluated only in AQ/LQ studies (15) . A lack of evidence for the potential delirium risk factors was deemed to be present when no data on the variable were available (based on multivariable analysis) or more than three HQ studies showed no association based on univariable analysis alone.
RESULTS
Study Identification
The search yielded 1,626 unique references; 1,497 of which were excluded based on title and abstract review. Another nine publications were added after cross-reference checking, leaving 138 references for full-text review. Of these, 97 (70%) were excluded ( Fig. 1 Content 3, http://links.lww.com/CCM/B66). During the article screening process, the potential inclusion of three articles was discussed with the third author. Of the 33 remaining studies, 25 evaluated potential risk factors in relation to the incidence or prevalence of delirium at any time during ICU stay and eight studies incorporated (daily) transition to delirium as the primary outcome (41) (42) (43) (44) (45) (46) (47) (48) .
Study Characteristics
Of the 33 articles included (supplemental data, Supplemental Digital Content 4, http://links.lww.com/CCM/B67), 27 studies (82%) were cohort studies, four studies (12%) were randomized controlled trials, and two studies (6%) were before-after observational studies. The number of participants in each study ranged widely (40-3,056). The case-mix of ICU patients varied with 13 studies (39%) evaluating mixed medical-surgical patients, seven (21%) medical, four (12%) surgical, and three (9%) trauma patients. The median (interquartile range, IQR) occurrence rate of delirium was 44% (23-65) but ranged widely between 9% and 81%. The CAM-ICU (23, 70%) was used in more studies than the ICDSC (3, 9%). Five of the studies using the CAM-ICU also incorporated a daily chart reviewer to determine whether delirium was present to increase the sensitivity for delirium detection (49, 50) . Delirium assessments were conducted by dedicated research personnel only in 18 studies (55%), by bedside clinicians only in six (18%) and by a combination of researchers and clinicians in nine (27% 
Methodologic Quality
The results of the quality assessments for cohort studies and controlled trials are presented in supplemental data (Supplemental Digital Content 6, http://links.lww.com/CCM/ B69; and Supplemental Digital Content 7, http://links.lww. com/CCM/B70, respectively). Across the 29 cohort studies, the median (range) quality score was 6 (4-7), with 22 studies (76%) being graded as HQ, four studies (14%) as AQ, and three studies (10%) as LQ. Only seven cohort studies (24%) accounted for performance bias by evaluating for delirium at the time of inclusion (16, 20, 23, 32, 37, 38, 41) . Another four studies (19%) evaluated patients for delirium using an instrument that while validated against DSM-IV criteria had not been validated for use in the ICU and thus lost one point on the detection bias quality criteria (17, 22, 32, 33) . The overall quality score for the four controlled trials ranged from 5 to 8 points; one was graded as HQ and three as AQ. Two studies had a drop-out rate more than 20% (30, 36) and in one study the method for allocation and concealment was not mentioned (30) . Although all controlled trials evaluated patients from multiple centers, none provided information as to whether the results were comparable between individual sites. During the methodological quality assessment of the 33 included articles and 239 criteria scored, the initial median (IQR) agreement on each article between the two evaluators was 71% (57-86%). After discussion between these two evaluators, only 10 criteria (4%) remained unresolved and were discussed with the third author.
Risk Factor Level of Evidence
The results of the best-evidence synthesis are presented in Table 2 . Additional information surrounding the point estimates reported in individual studies is presented in supplemental data (Supplemental Digital Content 8, http://links. lww.com/CCM/B71). The variables where an association was deemed not to be present in final model of the multivariable analysis are presented in supplemental data (Supplemental Digital Content 9, http://links.lww.com/CCM/B72).
The evidence supporting age, dementia, and hypertension as predisposing factors for delirium in critically ill adults is strong. There is no evidence that gender predisposes patients for delirium during their ICU stay. A number of precipitating risk factors for delirium in the ICU are associated with a strong level of evidence, including (poly) trauma or emergency surgery prior to ICU admission, the Acute Physiology and Chronic Health Evaluation II score, (sedative-associated) coma, delirium on the previous day, use of mechanical ventilation, and metabolic acidosis ( Table 2 ) (supplemental data, Supplemental Digital Content 8, http://links.lww.com/CCM/ B71). There is moderate evidence to classify MOF as a risk factor for delirium. There is strong evidence that use of dexmedetomidine during the ICU stay reduces delirium prevalence.
DISCUSSION
An awareness of which factors increase the risk for delirium in the ICU is crucial in better understanding this complex syndrome and for the design of prevention programs. Knowledge of risk factors is also essential when building multivariable models, given the results of these analyses are highly dependent on which confounding variables are accounted for. Although statistical pooling of available data for each of the proposed delirium risk factors we investigated was the initial goal of our systematic review, the substantial heterogeneity that exists between published studies evaluating each potential risk factor precluded pooling and forced us to complete a semiquantitative best-evidence summary. This best-evidence synthesis is the first rigorous attempt to identify those variables that are well-established in the current literature to increase the risk of delirium in critically ill adults.
Our review has much strength. It was designed using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement and registered in advance (51) . We searched multiple databases to identify risk factor studies published in multiple languages and included only cohort studies, where risk factor analysis was conducted using multivariable techniques, or randomized trials. We excluded studies involving populations where the mechanisms for delirium might be different. Article screening, data extraction, and study quality rating were performed by two independent reviewers using clear and transparent definitions. Finally, by including only studies exploring the risk of developing delirium and excluding those with other outcomes (delirium duration, days spent delirious, or days spent with coma and delirium), the risks studied can be considered equal.
A previous systematic review on this subject revealed that only 25 factors were described in the literature and concluded that risk factors for delirium were understudied and underreported (52) . Since this report in 2008, the literature regarding delirium risk factors has expanded considerably (8, 9) . Although our best-evidence synthesis identified many more variables that have been hypothesized to increase delirium risk in the ICU, only 11 of these factors were associated with a level of evidence that was deemed either strong or moderate. Unfortunately, most of the factors with conclusive evidence are nonmodifiable, such as age, comorbidities, or admission characteristics. And although some interventions such as reorientation (19) and minimizing sedation levels (34) seem promising, they merit more evaluation as there effect was not supported by our results. Minimizing the duration of both (sedation-induced) coma and mechanical ventilation and promoting the use of dexmedetomidine are the interventions having the strongest evidence to reduce delirium in the critically ill. Whether dexmedetomidine reduces delirium occurrence in the ICU though a direct effect or simply because less benzodiazepines are administered remains unclear (26, 28) .
Although many of the risk factors we identified (e.g., severity of illness) are consistent with recent consensus guidelines (12, 53) , there are some noteworthy exceptions. Unlike the 2013 Society of Critical Care Medicine (SCCM) Pain, Agitation and Delirium guidelines, our analysis identifies age as having strong evidence being a risk factor for delirium (12, 53) . Our results, which are consistent with the National Institute for Health and Clinical Excellence guidelines (53) , are most likely different from the SCCM guidelines given that they only included risk factors where statistical significance was documented and did not exclude risk factors that were based on univariable analysis alone. For both the use of benzodiazepines and opioids, we found inconclusive evidence based on inconsistent results in the included studies. This finding could be explained by different definitions used in the studies, but also by an interplay between delirium, the indication for both benzodiazepines (anxiety, sleep disorders, and induction of coma) (25, 36, 37, 41) and opioids (pain) (25) , and the potential direct harmful effect of the medication itself (20, 31, 34, 37, 41, (45) (46) (47) (48) .
Our review has potential limitations. Given that interstudy heterogeneity prevented statistical pooling between studies, we were forced to develop specific criteria to differentiate varying levels of evidence. By choice, we only incorporated variables tested in multivariable analysis. With the inclusion of only those variables presented in final models with either statistical significant association or an effect estimate above 1.5 or below 0.5, one variable changes from "inconclusive evidence" to having "strong evidence" (the use of benzodiazepines), and three variables change from "inconclusive evidence" (alcohol use, nicotine use, and medical admission category) to having "moderate evidence." Although a system such as ours has been used to characterize prognostic factors for other non-ICU conditions, it has not been used for risk factor studies involving the critically ill nor for delirium (15, 54) . The search strategy of this systematic review was thorough and multifaceted; however, it is possible that we missed studies on risk factors for delirium in the ICU. The impact of publication bias is difficult to estimate. It is also possible that other variables exist that may impact delirium occurrence that have yet to be formally evaluated and reported in the literature.
To be able to perform a best-evidence synthesis, we had to assume that each risk factor was handled in a similar fashion across all studies. For a handful of risk factors, homogeneity did not always exist (supplemental data, Supplemental Digital Content 8, http://links.lww.com/CCM/B71). For example, in 13 studies age was entered as a continuous variable, in one study as a binary variable, and in one study as an OR based on every 10 years of increased age. Removal of the latter two studies did not change the conclusion for the risk factor age. However, in other variables such as organ failure, the effect of combining studies where the variable was defined slightly differently (either multiple organ failure [MOF] score or SOFA), remains unclear.
With the use of better statistical techniques in observational cohort studies, important sources of (residual) confounding can be reduced. For delirium risk factors that could be present on any particularly ICU day, the importance of immortal time bias (i.e., a longer ICU survival periods exposes a patient to a greater exposure to the risk factor) is increasingly being recognized in time-dependent risk factors analyses (55) . Second, an ICU patient may die or be discharged from the ICU before delirium occurs (56) . Competing risk survival analysis or multinomial regression models incorporate these competing risks are needed given that traditional analytical methods like Kaplan-Meier estimates or Cox regression analysis are not designed to account for this and therefore may overestimate delirium risk (56, 57) . The influence that repeated measures (e.g., the daily evaluation for the presence of a potential delirium risk factor) will have on the results of cohort studies can be minimized by using a mixed-effects analysis, such as generalized estimating equations or a Markov chain Monte Carlo method.
When conducting multivariable analyses of delirium risk factors, it is important that model overfitting does not occur. In general, no more than one risk factor variable should be incorporated in the model for every 10 patients who develop delirium. In small datasets, common in our best-evidence synthesis, more advanced methods to prevent overfitting such as propensity scoring or inversed probability weighting should be considered. Another strategy to reduce the number of covariables in an analysis, and used in two studies in our synthesis, is principal component analysis (41, 46) .
CONCLUSIONS
Although many variables have been described as risk factors for delirium in the ICU, the results of our rigorous, best-evidence synthesis reveals that either moderate or strong level of evidence exists for only 11 putative risk factors. The risk factors classified in this review should be taken into consideration when designing prevention programs and when controlling for confounding in future etiologic investigations. Additionally, adequately powered, prospective investigations, which incorporate key methodological issues we raised through the completion of this best-evidence synthesis, are required to further elucidate the risk factors for delirium in critically ill adults.
